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(54) POSITIVE ELECTRODE ACTIVE MATERIAL, MANUFACTURING METHOD THEREFOR, AND 
SECONDARY BATTERY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a positive electrode active material for a 
secondary battery, having high energy density and high charging/ discharging cycle performance. 
SOLUTION: A precursor of the positive electrode active material is obtained by heat-treating an aqueous 
solution which contains an organic chelate compound and a high-boiling point organic solvent, in which 
compounds of all elements constituting the positive active material among transition metal element groups 
comprising Mn, Ni, and Co are dissolved. The precursor and a lithium compound are mixed, and the mixture is 
heat-treated in the temperature range of 950°C or higher, to obtain the positive electrode active material 
comprising a composite oxide, having a-NaFe02 type crystal structure and is represented by the chemical 
formula LiXMnaNibCoc02 (where 0.30<a<0.5, 0.36<b<0.55, 0<c<0.34, 0.95<x/(a+b+c)<1 .05). 
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5 o nm%&T. *? * t < « 2 o *»%mT-C'*> & „ 

[0057] HUlBT^ 'J U- S~?-lZ^xm^~? 

h t . zTOa±<wFttw* y ^-*^atc*tf ft . 

iOMMCIJ. 2ffg(yy) T^'Jlx-h {xf-p 

>7'>jn-j\sis T9 yi^-K rutruvyy 

3-;l/y ( y y ) 7 ? 'J h . TWy&L ■ 
yf^yy^-^xxf-rt^* (yy) T7VV—h. m 

(yy) T7VU-b. ■XV**=sX.T-Vy/-XVJ[* 
x7Dt Uygm-SWO'S T7Vl/-h. 7? 

yi/X-lVis (yy) T7VU-b. ^*r*^Vy7 
yrj-/l^* (yy) T7 VI— b^) , 3mg(yy) 
Tyyi^-b (bWfn-^rnA-yh'J (yy)7 

yyi^-K /n'jvh'; (yy) ryyi^-K y 
v-to y^x.+uy^i/bttMnbo (yy) ry 
'J u- h . y y -fe u yom t p y** bmm<r> b 
y (yy) ry yu-K yy-tyycox^yTj-jf^ 
h\ rati/>-^-=3f^K#jD!fecohy (yy) ryyw 

{^yyxyxy t--/U-fh5 (yy) r^'Jlz-h. 
i;y y ■»= y yA.df -9- ( y. y ) r y y h^f } #*{f 

[0058] wet? y h^y v-tc«i, ®&mm 
^iWT'iirtg^yv-srmairrscifcfc-c'^s. m 

yy/HL yyyyn-KL ^nhyi. n-v*a«L fx 
;^<ft#BL vWyR, y?-;HL -fynyBL is 
byziyWt. y^yroygL 73-7 

him , ^tafPX;^yK {xi-uyxiu^ym. T 
9 y;UT5 H— 2 ->^7 , wc^xyl'sii>M*J Xli 
%i\t>CDt& (L NaJg, Tyt-^Al, 

xh^ry^ury^x^Ais^) , 4jtd<i<b<o^«S 
fn^iCy&fcc l~c l 8<ofliiSaiXJ4l!S«Wr^ri 
-;K T>v*vy (C2—C4) />ja-;K tfVTfU 
*uy (C2—C4) W 3-;l/ftMW(:xxf^ 

U-K Sri:) , svryt-r, i&xii2i»7* sy 

N-yf-^-?w yit/rs h\ n, N-i/xf-^ 
HyStyrsK^ri:') , (yy) 7?'j;i«ixf 

;U [Cl-Cl 8<7?Btffl!r^ (y^K xf/K rot 



(y^) ry y/nst^xxf-zk 

l/y (C2-C4) ^ya-;U (x^l^y^yr7-;U, 
roti/y/'j3-^ > i. 4-7'?yy^-yi^) s. 

lf#\)TJU*\sy (C2-C4) ^yn-yl^ (--Ifyxf- 
Uy/'J3-/K ^'J7atl/y/'j3-;H fc 

^) r^y/H^kox^yn : (y^)r^y^rs 
KXttN-sBft (y^> r^y^rs k [ (y?) 
yyursK, N-^f/K^^)7?y;t-7SH. n- 

y^n-;u (y^) r^y;l^T5 H*] ; t'x/pxxr 

;ux«ry^xxf-/P [ifsst'x^, gfurruiMf] ; 

b'x;ux- r;UX«iT >J ;UX-^;U [ yf-;U t*x;Px- 
t";u. h'T^ry^x— ;^ftxhy;Hk 
•S* [ (y^) r^ynxhy^, ^nhyxh-y^ 
^] : ^^mr^zt-jv [ (y^) ry;PT^3-;p 
^] ;^«7iy [ (y^) ryyprsy. vx+iv 
rsyx^-;Ky ^)r^y/n^-h. yiwjyx 
f;K>?)7? | ji/-^] ; ^itirty?- 

-r ^Bi)»mK-fbK3g [xf-i^y, rotuy, 

y, 'fvrfi/y. ^yfy. (C6-C50) a-^ 

vy<ym ; *vy <yMffi,#mtfc& [^^o^ 

yfy, y?o^ty, ^^n^rfy, 

^p] ; ^y 4 yjmmmit*.m \.**vy, « - 

*^>v^vy^ ; ^g&ftM 5 K [71/ 

t'^ijfy> 7 x-fkb'xy^y, Mt7Wn7ot 

[0059] ttExiKaf ^qeyv— te-3Vvtflfir$-4 
t . ^ y v- y'yUX-x/l^l {h'^7i/ Ay/'Jy 

^vux-f-;i- . t'x7x/ f y ^ >-'/wx— f 
**ffc fx 7 x y — ;p a y ^ ^';px— f^. y 

3.J—)VJi$V -y y yy/l-X-f/l', ^ UV— )VJ 

y y y y ^ry u-k f-h^yy ^^^7 

{ x,^^ y y ^ i^'x y . x^ v-fb*cs?i^ > . 
JfiWBpuK^-V'f H« < 3. 4l^y-6^f/l/y^ 
a's=3f^;uy^-;P*;P^>'L/-h. 3, 4I«yy 

[0060] mwmwsnmt ltj±. fliflssi^y r s 

^ (y'xfl/yhiJ7Sy, b ijxfl/yf h5S 

y, 3, 9- (3-rsyrob-^) -2, 4, 8. 1 

O-xHo^dMfxta [5,5] ^yirijym) . ^ 
f^'J7Syf {^^^yl/yy'75y, y'7$77 

xx;^^>^} . ^yrsna <y-fv-B&K>jr$ 
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(7x/-/M.f7 7?fi . --Ku^^r^y <#y 
5 yy ^-yu) 7i7-;k 2-x?-;u-4-yf-;M $ 

[006 1 3 WS.'i VS^T*— h»MW**yv— 

^W^y-/MVy7t-h, 1. 6-^*rxj~u> 
s^fVs'T-*— K 2. 2, 4 (2, 2, 4) -hV* 

f^-^t^fi/yy-fy^rt-h^ p-7i-p 

yxMy^7t-h, 4,4' O^f^y.? 
yi^M Vv-7t-h, 3, 3'-^f;Py'7i^ 
4.4' - V isT1-— h . i^'T— S/S^'SMVi'T 
K m-df>-b VisTi"- hs HJ-Xf-A** 
i/l/yy-fyy7t-h, -f V7*a>W/isT-t- 
K 1, 5-t7^l/yy'fV>'7t-K trans 
-1. 4-^o^df>-;W>'*>f VisT-i-— K V : JyV 

coo62] frffi-r visT-t-hmtt-r 

[2-gfflkSyi {*. ifl/^'Ja-H', 7ntl/y 

a-jVW\ . 3trffifk^* (/'J-b'Jy, h'J^fn- 
/P/oav, 1,2, h'Jx 

/M^yy'7iy, T-h^^f-o— ivis?ws.*t*ry^ 
^f;W3yKfl , 5WfflMfc£ft < 2 . 2, 6. 6 

b*h-;k vy-hnk — tvm) , 8WS&ft; 

bAi-ygL UW-;l*] tcomsm. ^U*7D5 
? h^U^ {^'J e-*7Q7^ hVf ) . bF 

[0063] IfflEaMRfcfcfcfcoT. lilMSrWffl-r-i. 

rsviiN, n - s-'y i> y o^^f swi/r 5 v . h 
'Jxf;i/7Syf) . SHfreyTS^ {by^'y, N 
-s-f-juvwjym) . ^*T5>-3a<N, N, N' . 
n' -f h7>f^xfi/yi;7Sy, n, n, n* , 

N' -fh5^f;H, 3-/^yy'75yf) . 



TSy^SIN, N, N ' , N' -'O^'^f^yxfl/ 
yh'J7Sxf I , ^t$y« {N, N, N ' N" - 
T-h v (3-y7f;l-73/7oe;H -y^yi-'TS 

ym) , aufcKursyjB {^'r-rb'^^D^-^^y 

(DABCO) , N, N' -i/y^-b'^i'V. 1. 
2 - ^ ^-/l— f 5 yV-)V. 1.8- ^Tif hy?o 

(5. 4. o) -7yfty-7 (dbu) ^} ms 

[0064] *9^{zfli£^Mc«fim%». ««Ht 

4Wf*u\ aasiLttt. *ffTa*-riii: 
[0065] y ^-7 a -<x.mmcr>tmft<?>tfmt lx 

x 7 ^M LtzW&xj-yi/XX^-- ;k 
MHJJiate7 * >kMSs#-«i: LT*(f &*t6. MfE& 
fl. x^-yuxm. +9v* by*-/ko^r 

i^mx'htiimfeztitc^tf. ft£L<tens£.-?m& 

7 4)VJ*tLX\,±. -1fjxfkyfy7^l/-h7^l/ 

A. D^7 4 JUJ*m<Z&iZmLW£lZmitl®Bi7 

<>i>j»*. mmmmnm^ i >i<j>.tLx\^ --Kyx 
i-vy7 4)vj±, +4uy7 ovhm<F>. f&mm^imx' 

[0066] y f"7A-<JClg?fi«0««(c:oV^T«i|ttffi 
[0067] 

imm\ MTiz. mtrntz^ttmptez^tzsm 
izmm-rzw. *&wimT<DM?.®izji *)mmzti& %> 

tf.mi&M.X'$>h. 

[00 68] (HM0"J1 ) Mn (N0 3 ) 2 • 6H 2 0, N 
i (N0 3 ) 2 ■ 6H 2 0&lXCo (N0 3 ) 2 ■ 6H 2 0$:7C« 

Jtt'Mn :Ni :Co = l : 1 : 1 dig-^L^ 
(Mn + N i +Co) cO^^M^St- 

ftLX3feWL<T)73iyW.t 9fgacOX^y^y 

-^TTOKJftaS-^fddttCioTMn, NiMC 
oco^x^K^U-h^MSr^^:. Iut;«»2 



0 o 7>i*rc«s* ■ mtz-t. m^xisE. 
tt-4 5 o *ct- 5 mmmnm^?> ztiz**). 

ftLtl®. Li :Mn:Ni :Co = 3. 06: 1 : 

1 : lcr>7mitt%:Z>£o L i OH • H 2 0£8aDbT 

*au mns{t#x<?>&MT. 1 o o o°c-ei 5 ma 

mm-tZZtX\ Li 1J Mn 0 . 33 Ni 0 . 

33 C O q 33 

[0069] WiSIffivSMfSrEfelex -y ? X&EiJr&tc 
«fc 9 »J£ U: £ * H a — N a F e O t SttAflfi6*<1| 
§23 ft*. 

[0 0 70] (Htfi^J2 ) L i OH ■ HaOSr^JnL-^ 
L i !, (Mtiii, 33 N i 0. 33 C o 0 . 33 O 2 X*3F<$tl&ML&0) 

[0071] ffi§&mffi@mz®teL-y?x&iBiifimiz 

123 ft*:. 

[0072] (Jt«Wl ) L i OH • H,0«raanLfc 

imimmgkft-* . sat ogruiT. 8 5 o°ct- 1 5 

«HatLfcii:S»V^li. SWtMlR«KLT. Li 
i. 0 M no. 33 N io.33Coo.33O2 

[0073] m^mmmmm^ v?xumvmz 

[00 74] (Jt«fCT2 ) L i OH • H 2 0, Mn (O 
H) 2n Ni(0H) 2 , RT/Co (OH) 2 £L i : Mn : N 
i :Co = 3. 06: 1 : 1 : 1 CT)7£MttXW& L „ -Y 

VTdav ->uo£#T, 460 d ?U* £ Affi Lfc <o v 
»iooox:ti5 mB&xmti ztizXK). l i 

1. 0 M n 0 . 33 N io,33Co 0- 33 

[0075] imss^nm^vrnx. v ?xm®iftmz 

£*)W%.Lt:bZ?>, a-NaFe0 2 MS£ B B B tSiI#51 
123ft*:. 

[0076] (Jt&093) x.^y^vzi—t^mBL 
$r0»ofc£fc£Hswai. HMCT1IrI«1;LT. Li 
i.oMn 0 . 33 N i 0.33C o 0 . 33 O 2 T'^$^i)ffi^<7)iE*i 

[0077] fffEIEfll^«Sr^*x >y ? ^aEBffifefc: 
I'JUJtliti:*, «-NaFe0 2 aiSAfl»fcWSi 

[0078] (*miWMl~~2RTfitm^mi'-3) 
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y ( PVd F ) Mifc8 5:10: 5^«^ta^ 

N->f*-2-eoiji«y (nmp) ztii£x+ 

$ 2 0 xz m(7)ryU5 --7A?im€*±0— ^TOffltcM^ 
L, tt2 5T^8ffl*Te«Me*tt, flKT«0Hifc:P?«C 
^fRL, iiETl 3 0-CT1 2B*|fflie«Lfca, TV* 
JillU lcm2coH®«^BrL. iESt L*:. 
[0079] ftSWRT'&SAjIJSiS (T^ttS6 
m. x.y^xHIUSf^cj:|>®rail (d 002 ) 0. 3 3 
7nm, c(8l#|Sjtf5tSft?tf>*#3 (Lc) 5 5nm) 
MftfV 7 -vitt'- 0 fy ( P V d F ) $rfiitt9 5 : 
5 <OgiJ-£-T'il-£- U N — * +)U- 2 - to l» K y ( N M 

p> ztuix+ttmmL. ns^-xh*»jt. &tc, 

lufBmS^-XhSr/f $ 1 5;umOlBJji*m#JJ¥$ 1 
2x/mc7)mfi?ig?S<=0— ^ffifc^L. i&2 5'C^»S 
+-CS«8ft»SL fl!i*^Sifc:|ai«ltc^BL, MST13 
0-CT1 2B*ISBHftLfcfiL 7VXHIIIU lcrfOPJ 

[0080] x-^-W-y*-^- MM^xf-^a-tf 

*-h£*«jti : low^-ca-s-Lfea^jwetc. * 

7 •y*^«»«ii-C'S)S L iPF 6 5:lmol/l« 

*#»ti 2 0 p p m*»fc Lfc. 
[0081] ±i6Lfca»f feffl^T ^McWIW 
5 0X;jaT<o««»H«Tfc:*JV^fa! 

it. Jl®iJl®(l«*<OW-v^fcJlflMfc:JBE«LTffl^ 

i2 0mm, 6mmtfD3-f yS'Jf-^A-^m 

«l(&#»Lfc. iEffivS^SkLT, ^SS^Il~2S.^Jt 
tS^fiJ 1 —3 "Cfl^ixfc LiLoMno.33Nio.33Co 
0. 33 0 2 fftfli*»J«a 1 ~2S^ifc!Kll 

ai~3i:Ufc. 

[0082] ( 3asm-9--f ^ /uss^ ) fiie*^«ja 1 
~ 2 s.^jt<s«?fi 1 ~ 3 $■ ztiztL^wmm 1 . wa 

mm.o. ntAd o^ra*) , 4. 2vcr>%m%$$i 
*E3tmt l, stm^mi. «aEo. 1 1 1 a < 1 ob# 

[0083] ggWC, ^aSfltt'f ^S0H*fT->fc. M 

?^!S®^mf&mi, 1 . 0 1 1 a ( in* 
ra*) . 4. 2vojg«SjfcWEa*fcu ftm^fr 

J±, mSSl . 0 I t A ( lBftBI*) . ^ih«£E$:3. 0 

[oo84]ai (c^^H^ia 1 ~~-2mf\mmm 1 - 

3 <7)5cSc«se^m& Eft Lfc . 

[0085] 
[*1] 
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130 
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144 






1000^ 
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[0 0 86] MiS-Li1.oMno.33Nio.33Coo.33 

Oitu ^MSiags: 9 5 o*cia±t Ltzmmm 1 s. 

6 0mAh/gtItt-CS<, H£SS 
fcisvvcfc. ft«S«* t ^< kv^->TVH»H^«TL4r 
fc. 

[ 0 0 8 7 ] 9 5 O'CifciWfc LfcJtRW 1 

*>je*hs»** jh v ^itmmm 1 r-« . ^^msaji 

o£-fl:W4#*# v*&*fc$rofc. C*>]|lH(c-WC« 
[0 088] <W=. fli«tt«0fRR^fcoi>T^£fT 



luxfuy/'j a— 2 0 o'c^-c^ia 
sauna*. &ig,7cm<7>m-Mz t oti^Mt^o 

[00893 ^XMOTCtt. Mn:Ni : C o = 

1:1: 1 t L^L i l 0 M n 0 . 33 N i 0 . 33 C o 0 . 33 O 2 

[0090] 

[^O^Sl *»aat: ±tlll. Li-Mn-Ni-C 

aa&offijHfc J: oft® L£m n - n i - c o tnrffiftR 



mm*m mm 
m) fern ms * 



F 4G048 AA04 AB01 AB02 AB05 AC06 

AD06 AE05 AE08 

5H029 AJ02 AK03 AL02 AL06 AL07 
AL12 AM02 AM03 AM04 AM05 
AM07 BJ03 CJ02 CJ08 EJ01 
EJ04 EJ12 

5H050 AA02 BA17 CA07 CB02 CB07 
CB08 CB12 EA02 EA10 EA23 
EA24 GA02 GA10 HA02 HA14 



